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Effect of nitrogen application time on dynamics of nitrate content and apparent

nitrogen budget in the soil of summer maize fields
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Abstract: Applying N at high rate year by year in high maize yield production in China resulted in increasing basal soil N content
and decreasing N fertilizer utilization efficiency. Moreover, it caused severe underground water pollution in many areas.
Therefore, agricultural researchers are facing how to optimally use N fertilizer. There were a lot of researches on the
relationship of N fertilizer application with crop growth and yield components. Due to high precipitation and temperature, soil
N mineralization and fixation by microbes was active during summer maize growth season in China. Objective of this study was
to determine the effect of N application time on dynamics of nitrate content and apparent nitrogen budget in the soil of summer
maize fields.

A field experiment was carried out at the Wuqiao Experimental Station of China Agricultural University in north China in
2002. Four nitrogen application treatments were zero N. basal N plus dressing N at 10-unfolded-leaf stage, basal N plus
dressing N at silking stage, and basal N plus dressing N at dough stage. Both rates of basal N and dressing N were 90 kg/hm®.
The trial was completely randomized design with three replicates. Plot size was 6 m by 6 m.

The soil in the trial field was light salted loam in 0~130cm soil layers and loam in 130~200cm soil layers. Before sowing,
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the field was irrigated once and not ploughed. Maize cultivar Zhengdan 958, an erectophile type with high yield potential, was
sown on June 10 and thinned to 9 plants/m?* at 5-unfolded-leaf stage. P,O;and K,O were applied by dressing at the rates of 105
and 120 kg/hm?*, respectively, on the day of sowing. An irrigation of 45 mm was done on August 3. From June to July, total
precipitation was 110 mm and each rainfall was less than 20 mm. There was rainfall of 45mm on August 26. During whole
growth season, total precipitation was 196. 3 mm, which was one third of total precipitation in a normal year.

Soil samples were taken with a soil auger at five maize growth stages (i.e. sowing, female floret differentiation, silking,
dough, and maturity). The samples were divided into different soil layers in 20cm increment from surface to 100cm depth, 100
~130 cm, 130~160 cm, and 160~ 200 cm. Two sub-samples were taken per plot, mixed for each layer and then frozen
immediately. Before analysis of mineral N including nitrate and ammonium, the soil samples were defrosted, mixed fully. and
sifted with a 2-mm-sieve. Twenty grams of each sample was extracted with 100 ml of 1 mol/L. KCI on a horizontal shaker for
1 hour and then filtered with quantative filter. Soil nitrate was determined with the Salicylic Acid Colorimetric Method and
ammonium by the improved Ninhydrin Colorimetric Method.

Five plants were taken per plot at the same time of soil sampling. Plant samples were exposed at 105 C for half hour and
then dried at 80 C. Total N content was analyzed with the Kjeldahl Digestion Method.

Based on reported results, the amount of mineralized N increased by fertilization approximately equals to the amount of
fertilizer N fixed by microbes, the apparent budget of soil N (ABSN) could be calculated by following formula:

ABSN=TAONmin+RAN-TARN—ACUN
where TAONmin the total amount of original mineral N, RAM =the rate of applied N, TARN =the total amount of residual
mineral N, ACUN=the amount of crop uptake N.
The findings of the trial showed that in the 0~20 cm soil layer, the nitrate content was higher in the N-applied plots than in
the zero N plots regardless of application time. The nitrate content at silking and from dough to maturity increased when N was
dressed at the 10-unfolded leaf stage or at silking stage. In the 20~40 c¢m soil layer, the nitrate content at dough stage
decreased in all N-applied treatments in comparison with the zero N treatment. In 80~ 200 cm soil layer, the nitrate content
from N-applied time to maturity increased in comparison with zero N treatment. The nitrate content of the treatment of N
dressed at dough stage was higher than that of the treatment of N dressed at silking stage or at the 10-unfolded leaf stage, and
the treatment of N dressed at silking stage higher than the treatment of N dressed at the 10-unfolded leaf stage. At the
maturity stage, the nitrate content of the treatment of basal N plus dressing N at dough stage in the 160~200 cm soil layer was
higher than that of the treatment of basal N plus dressing N at silking stage. In this trial, the ABSN of the zero N treatment
was 56. 3 kg/ha. The ABSN was higher in the N-applied plots than in zero N plots. Soil N surplus (SNS) appeared before
silking stage and the 80% of SNS before female floret differentiation stage. After silking stage, soil N deficit (SND) appeared
and approximately half of SNS before dough stage. In comparison with zero N plots. the SND from silking stage to maturity
stage decreased in the N-applied plots. The SND from dough stage to maturity was lower in the plots of N dressed at dough
stage than in the plots of N dressed at silking stage or at the 10-unfolded leaf stage, and the plots of N dressed at silking stage
lower than the plots of N dressed at the 10-unfolded leaf stage.
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Table 1 Precipitation and air temperature during soil samples harvested from maize field in 2002
Phase of sample harvested Sowing~ ¥ floret £ floret ~silking Silking-dough  Dough~maturity ~ Sum
Amount (mm) 110. 3 11.3 51.7 23.0 196. 3
Precipitation Percent (%) 56. 2 5.8 26.3 11.7 100. 0
Air Amount(Z,=0C) 1357.7 418.2 571.9 435.0 2782.8
temperature Percent (%) 48 15.0 20. 6 15.6 100. 0
1.2
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Fig. 1 Soil nitrate content at different layers affected by Nf application time during maize season
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Fig. 2 Soil nitrate content at different layers affected by Nf application time during maize season
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Table 2 Apparent budget of soil nitrogen affected by Nf application time during maize season
~ Sowing ~silking ~ Silking ~maturity ~
~ ~ ~ ~ Sum Sowing ~
Treaments Sowing ~ ¥ floret £ floret~silking Sum Silking~milking ~ Milking~maturity (kgN/  maturity
(kgN/hm?) (%) (kgN/hm?) (%) (kgN/hm?) (%) (kgN/hm?) (%) hm?)  (kgN/hm?)
Zero N 480. 85 81. 39 109. 95 18. 61 590.80 —337.44 63.13 —197.07 36.87 —534.52 56.28
+10
536. ¢ . . .03 —232. 9.12  —240.5¢ 50. —472.75 .
Basal N-10-unfolded leaf N 536. 31 87. 34 77.72 12. 66 614.03 232.21  49.1 40.53 50. 88 472.75 141.28
+
50)° B 5 05 I 4. 05 509 14 —957. 3¢ £ 99 4 45 C
Basal N+ silking N 503.63 85. 05 88. 51 14. 95 592. 14 257.33  57.16 192. 84 42. 84 450.17 141.97
* 503. 74 90. 36 53.72 9. 64 557.46 —168.84 50.55 —165.17 49.45 —334.01 223.45

Basal N+milking N




8 1587
, ( ) , 80% 3
( ), . .
, 81% 85% s s
4.7%,10 ( 11.5%), s
s 10 ( 80.5% 70.7%)
1/2, s ,
63% 57% , .10 ( 31.2%
23.7%), . . .
s s 2.2%  16.2%,10
22.1%.,
3
NO; -N , 0~ 20cm NO; -N R , 20~
200cm NO; -N . . ,Dou z 12 0~
25cm 25~45cm NO; -N 4 ’ o
NO; -N , 20cm 80cm NO; -N . i 4 (0,
112.5.225.337.5 450 kg N/hm?) NO; -N . NO; -N , Liang 1%
(170kgN/hm?*) , (400kg N/hm*) NO; -N . NO; -N
. (7 0~100cm NO; -N . .
) . NO; -N ,
NO; -N . 0~40cm NO; -N ,10 NO; -N
10 0~20cm . 20~40cm s 0~40 cm NO; -N
N NO; -N 0~20cm . 20~40cm .
80cm NOj; -N s + 160~ 200cm
NO; -N + (  25.3mg N/kg( ) 16%., NO; -N .
, NO; -N . ,
157kg/hm? NO;7 -N i, (s7 ,
NO; -N 1, . . . .
, 1/3. ;
. .}
; , 80%
’ s o tu] >
s R s B 7]
s ( 9 9 s 9
, ), . , ,
]'7’0 ’ s
tol, , NO; -N s , > .
4
[@D) NO; -N ., 0~20cm  NO; -N \ ,20~200cm  NO; -N
(2) NO; -N s 20cm 80cm NO; -N o 0~40cm
NO; -N .10 NO; -N 10 0~ 20cm
. 20~40cm s 0~40cm  NOj-N s NO; -N
0~20cm 20~40cm o 80cm NO; -N s
+ 160~200cm  NOj; -N =+ (  25.3 mg N/kg<< >)



1588 24

16% .
(3) . , 80%% ;

References :

[1] Zhang F S, Mi G H, Liu J A. Advances in the genetic improvement of nitrogen efficiency in maize. Journal of Agricultural
Biotechnology, 1997, 5(2): 112~117.

[ 2] Zebarth B ], Paul ] W, Younie M, et al. Fertilizer nitrogen recommendations for silage corn in high-fertility environment based on pre-
sidedress soil nitrate test. Communications in Soil Science and Plant Analysis, 2001, 32(17,18): 2721~2739.

[ 3] Karlen DL, Kramer L. A, Logsdon S D. Field-scale nitrogen balances associated with long-term continuous corn production. Agronomy
Journal, 1998, 9(5): 644~650.

[4] Yuan F M, Chen Z M, Yao Z H, et al. NOj -N transformation accumulation and leaching loss in surface layer of chao-soil in Beijing.
Acta Pedologica Sinica, 1995, 32(4): 388~399.

[5] JuXT. Transformation and fate of soil-fertilizer nitrogen in winter wheat / summer maize rotation system. Beijing: China Agricultural
University, Ph. D dissertation, 2000. 55~78.

[ 61 Magdoff F. Understanding the pre-sidedress nitrate test for corn. Journal of Production Agriculture, 1991, 4: 297~ 305.

[ 7] ZhouS L, Zhang F S, Wang X R. The Spatio-temporal Variations of Soil NO3 -N and Apparent Budget of Soil Nitrogen II. Summer
Maize. Acta Ecologica Sinicas 2002, 22(1): 48~53.

[ 81 Zou Q. Experimental instructing book of plant physiology. Beijing: China Agriculture Press, 2000. 54~55.

[ 9] Shanghai institute of plant physiology (eds. ). Experimental guidelines of modern plant physiology. Beijing: Science Press, 1999. 138~
139.

[10] Zhu Z L. On some aspects in soil nitrogen research. Progress in Soil Science, 1989, 2: 1~9.

[11] Zhou S L, Zhang F S, Wang X R. Studies on the spatial-temporal variation of soil NO3 -N and apparent budget of soil nitrogen: 1.
Winter wheat. Acta Ecologica Sinica, 2001, 21(11): 1782~1789.

[12] Dou Z, Fox R H, Toth J D. Seasonal soil nitrate dynamics in corn as affected by tillage and nitrogen source. Soil Science Society of
America Journal , 1995, 59(3): 858~864.

[13] Liang B C, Remillard M, MacKenzie A F. Influence of fertilizer, irrigation, and non-growing season precipitation on soil nitrate-nitrogen
under corn. Journal of Environmental Quality, 1991, 20(1): 123~128.

[14] Lory J A, Randall G W, Russelle M P. Crop sequence effects on response of corn and soil inorganic nitrogen to fertilizer and manure
nitrogen. Agronomy Journal, 1995, 87(5): 876~883.

[15] Herron G M, Dreier A F, Flowerday A F, et al. Residual mineral N accumulation in soil and its utilization by irrigated corn (Zea mays

L.). Agronomy Journal s 1971, 63(2): 322~327.

[1] . . . . . 1997, 5(2): 112~117.

[4] . . . NOj; -N . . 1995, 32(4): 388~399.
[5] . / . . : , 2000. 55~78.

(7] . , . IL. . , 2002, 22(1): 48~53.

[8] . . : , 2000. 54~55.

[9] . . : . 1999. 138~139.

[10] . . , 1989, 2: 1~9.

[11] s s . 1. . » 2001, 21(11): 1782~1789.



